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Pro jec t  APOLLO, as has been announced, is  the  manned Lunar explor- 

a t i o n  program p- - m e d  by the Cnited S t a t e s .  

ob jec t ives  a v a r i e t y  of large launch vefiicles w i l l  be required.  

To accomplish the  progrsm 

Some 

of the  designs of these l a rge  vehicles w i l l  be sunnnarized i n  t h i s  paper. 

The designs summarized here c o n s t i t u t e  the  e f f o r t s  of a l a r g e  team of 

Governmental and i n d u s t r i a l  o rganiza t ions . tha t  are responsible  f o r  t h i s  

important National progam. It should be noted that, with the  continuing 

I '  

research and development e f f o r t  tk t  is bei.ng a?pl ied t o  these  launch 

vehic les ,  changes are occurring every day. 

descr ibed here  today will probably have many modifications by the time 

Some of the  launcn vehiclzs 

of f i n a l  design. Such changes can be expected in a rap id ly  developing 

k i e n t i f  ic  endeavor of t h i s  type. 

The bas i c  development and operational l..POLLO missions are now planned 

t o  be conducted on the  SATUXN C - 1  and the  SATURN C-5 launch vehic les .  

'The NOVA launch v d i i c l e  is being developed t o  be used as a backup f o r  

t h e  SATUiU? C-5 i n  the  APOLLO program. NASA. has se l ec t ed  cont rac tors  for 

each of the  major s tages  of the  SATURN C-1 and C-5 launch vehic les .  The 

KOVA launch vehic le  is now i n  the s tudy p h a e  and design con t r ac t s  are 

expected t o  be awarded i n  t h e  near fu tu re .  
. .  

' 

Some of the  n a j o r  mission 

objec t ives  ,for these planned vehicles are r-tmonarized i n  Table 1. The 

design of each vehic le  will be optimized f o r  t h e i r  respec t ive  primary 

mission objectiv,; .  The SATURh' C-1 primary mission objec t ive  is t o  



i '  

place  an APOLO tes t  c m n d  module i n  en  Earth orbic. 

p r i m x y  mission objec t ive  is t o  accoizplish nanned Lunar  landing and 

r e t u r n  v i a  rendezvous of two launches. 

The  SATURlY C-5 

Whereas, for the  AizGLLO prograin, 

t he  pr imary  mission objec t ive  fo r  the  NOVA would be t o  p e r f o m  the 

APOLLO Lunar landing and return a i s s i o n  d i r e c t l y  w i t h  a s i n g l e  launching.. 

Some design features of each vehicle and 2clssible ways t h a t  they may be 

employed t o  accomplish t h e i r  mission object ives  w i l l  no-4 be discussed. 
. -  

The first o r b i t a l  f l i g h t s  o f  the A P O U O  test module w i l l  be on the  

SATURN C-1 launch vehicles .  The S A T ' ,  C-1 APOLLO "A" Space Vehicle, 

presented i n  F I G  1, cons i s t s  of two boost s tages ,  an instrument s e c t i o i  

and a test module. This vehicle w i l l  be approximately180 f ee t  high. 

The f i r s t ' s t a g e ,  ca l l ed  the S-I, has a t h r u s t  value of about 1,500,000 lb .  

The second;stage, c a l l e d  the S-IV, is t o  have a t o t a l  t h r u s t  of about 

90,000 Ib. Above the  S-IV s t a g e  is  mounted an  instrument s ec t ion  and 

a n  MOLL0 test  manned module. 

S t r u c t u r a l l y  the  -;dhicle must m e e t  c e r t a i n  design cri teria.  I n  

genera l  these cri teria are dicLated by pad,launch and f l i g h t  loads,  each 

imposing d i f f e r e n t  loading conditions, The s t r u c t u r a l  s a fe ty  f ac to r s  

t o  be applied to  the computed loading conditions d i c t a t ed  by the l a r g e s t  

o r  governing conditions a r e  shown i n  Table 2. 

For s a f e t y  and r e l i a b i l i t y  during checkout and launch preparat ions 
- ._ 

t h e  C-1 vehicles ,  as a l l  o thers ,  are designed t o  be free-standing on 

the launch pad, w i t h  the tanks empty or f i l l e d ,  pressurized or unpressurized, 

99.9 per  cent  of t he  time, during the  s t ronges t  wind month of the year .  

This m y  be defined as being designed t o  withstand the  loads,  unsupporcei 
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w h i l e  on the launch pad, izpost2 by a 99.9 p z t  cmt ?rob:5ility-of- 

occurrence wind p r o f i l e .  Tne values of such a wind profile at  10  feet 

are 23 knots s teady state w i t h  g u s t s  t o  32 knots,  increasing t o  42 knot& 

.at 200 f e e t  with gus ts  to 60 knots. 

The S-I stage, shown i n  FIG 2, has a c lus te r  of nine propel lan t  tanks 

containing l i q u i d  oxygen and the RP-1 f u e l  (kerosene) used by t h i s  s t a g e .  

The cen te r  tank contains l i q u i d  oxygen. 

center tank are a l t e r n a t e l y  mounted four  addi t iona l  l i q u i d  oxygen tanks 

Circumferentially around this 

and four  W-1 f u e l  tanks, with a t o t a l  capaci ty  i n  excess of 550,000 lb. 

The S-I s t age  is  powered by eight  Rocketdyne H-1 engines. The engine 

s t a r t i n g  sequence is staggered in a 2-2-2-2 arrangement. This is t o  

reduce the '  dynamic overload of the s t r u c t u r e  from s t a r t i n g  t r ans i en t s  

while  t he  vehic le  is held on the launch pad. 

is  used i f  the  launch is aborted while the  vehicle  is  on the  launch pad. 

A similar cutof f  sequence 

The vehic le  is t o  be held down on the  launch pad during first s t age  

t h r u s t  build-up u n t i l  approximately t o t a l  s t age  th rus t  is reached. 

S ince  most engine problems usually occur during the  thrust: build-up 

phase, holding the  vehicle  down u n t i l  near s;rximum t o t a l  t h r a s t  is  reached 

greatly improves the  probabi l i ty  of successful  f irst  state operat ion.  

The f i n s  located on t h e  a f t  sec t ion  of the  S-I s t age  are necessary f o r  

a t t a i n i n g  s u f f i c i e n t  margin of f l i g h t  s t a b i l i t y .  The four 36,000-lb 

t h r u s t  s o l i d  propel lan t  separat ion retro-rockets  mounted a t  t he  forward 

end of the  s t a g e  are used t o  r e t a rd  the  S-I s t a g e  ve loc i ty  and in su re  

a clean, quick separa t ion  of the  S-IV s t a g e  a f t e r  f i r s t ' s t a g e  powered 

f l i g h t .  

clustered tank a r e  a l s o  depicted i n  FIG 2. 

I m e r c c r m e c t h g  Itci;:'Ld level e q i d f a i i i g  lines of the S - I  s t a g e  
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The S-IV s tage ,  shown i n  XI2 3, is a cyl indr ica l - type  conf igura t ion ,  

220 inches i n  diameter and powered by s i x  P r a t t  and Whitney B10-A-3 

* engines that use l i q u i d  oxygen and l i q u i d  hydrogen t o  d e l i v e r  a t h r u s t  

of over 90,000 lb. 

these  high energy cryogenic pro?el lants  Basically, the S-N s t age  

c o n s i s t s  of four  major elements: the propzl lan t  .tanks, the  forward 

This s t a g e  h a s  a capacity f o r  over 100,000 lb of 

i n t e r s  tage szmc tu re ,  the  a f t  i n t e r s t age  s t r u c t u r e ,  and the engine 

c l u s r e r .  

inater ia l  bonded t o  the  in s ide  surface of the  tank wal ls .  

The l i q u i d  hydrcLzn tank is insuLnted with the in su la t ing  

The instrument sec t ion ,  sho;.r; i n  FIG 4, is located on top of the  

S-IV s t a g e  and houses the  Cuidsncc systems , i n s  truinentation, power suppl ies ,  

antennas,  e tc . ,  c;ed for the e n t i r e  launch vehicle .  

is also equipped with its own instrumentailon, power supply, etc . ,  t h a t  

are i n  d i r e c t  s e rv i ce  t o  t h a t  srage. 

components is maintained i n  Lhe X-shaped c y l i n d r i c a l  por t ion  of the 

However, each s t a g e  

A cont ro l led  enviroiment for the  

i rs t rument  sec t ion .  The APOLLO test modult: is mounted on top of t h i s  ' 

instrument sec t ion .  
1 

. A typical c i r c u l a r  Earth-orbit  launch p r o f i l e  f o r  the  C - 1  A p O U O  is  

shown i n  F I G  5 .  

the maimed MOLL0 test moduls around the  E:irth. 

This is the type t r a j e c t o r y  t h a t  is t o  be used t o  o r b i t  

The second launch 

p r o f i l e  shown is a high-speed re-entry t r a j ec to ry .  

cause the  cmmand module t o  reach a ve loc i ty  of a p p r o x h a t e l y  32,000 fps. 

Zntering the  atmosphere at t h i s  high ve loc i ty  will approximate the  high 

This c ra j ec to ry  w i l l  
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j ec to ry  w i l l  enable the hea t  protect ion ecuipment on the comiand modu1.e 

to be t e s t ed  and evaluated. 

The SATURN C-5 launch vehicle is the  second generat ion of SAT”R~~-ci.ziss 

vehic les  and is planned t o  accomplish the  A P O U O  Luxiar missions. %e 

first two boost s tages  are named the  S-IC and the  S-11. A t h i r d  s t age ,  

o r  payload, depending on the  pa r t i cu la r  mission appl ica t ion ,  is mounted 

above the  second o r  S-II  stage.  

pGyload concepts being considered f o r  the  two missions planned. %e 

first manned MOLL0 Lunar mission, which is the  circumlunar mission, 

is  present ly  envisioned t o  be performed using a two-stage t o  escape 

I n  the A P O U O  program the re  a r e  d i f f e r e n t  

SATUKY C-5 vehicle, i . e . ,  the second stage will e j e c t  the W O L L O  Spacccrai t  

i n t o  t h e  circumlunar t ra jec tory .  

i n  FIG 6 .  

This circumlunar vehic le  is depicted 

The second mission planned i s  a manned Lunar mission. A procedure 

f o r  t h i s  mission, using the SATLiRR C-5 laur.ch vehicle,  may be considered 

t o  be via  rendezvous of two C-5 vehicle  pa)*loads i n  an Earth o rb i t .  This 

rendezvous method i s  necessary because i t  i s  present ly  estimated t h a t ,  to 

perform the  APOLLO Lunar mission, approximstely 150,000 lb of payload must 

be accelerated t o  the ve loc i ty  required t o  reach the Moon. To do t h i s  a 

t o t a l  o r b i t a l  departure  weight o f  about 400,000 l b  i s  needed. 

weight l i m i t  of the SATURN b-5 is approximately 250,000 l b  i n t o  a low 

Earth o rb i t .  Consequently, a mission of t h i s  type w i l l  r equ i r e  two 

The payload 

launchings and a inating (or rendezvous) of the  o r b i t a l  payloads t o  meet t h e  

5 



o r b i t a l  weight requirements. Two methods f o r  the o r b i t a l  rendezvous being 

considered are:  a Connecting %de and a Tanking Mode. Each would involve 

two sequential  launchings. 

Two typica l  launch configurations f o r  the connecting mode a r e  shown i n  

FIG 7. Each vehicle  would have the same f i r s t  two boost s tages ,  i . e . ,  S-IC 

and S-11. The f i r s t  launch vehicle payload (on top of the S-11) wouid be 

the  fueled R-1 stage. This stage would f i r s t  be in jec ted  i n t o  a c i r c u l a r  

o r b i t  by the  S-I1 stage. 

A P O U O  Spacecraft .  

second launch vehic le  payload would be placed i n  a higher  c i r c u l a r  o r b i t .  

The second launch vehicle  payload would be the 

I n  sequel to  the  first launch vehic le  payload, th i s  

Tracking and s t a t u s  data from each payload are fed i n t o  a n  Earth-based 

computer ana, a t  a subsequent tb,e of near coplanar o r b i t s  and proper 

phasing, tl;; R-1 s t a g e  is conzanded t o  conslence thc rendezvous maneuvers. 

A t h r u s t  is then appl ied t o  the R - 1  s tage,  causing it t o  ascend i n  a 

near  e l i p t i c a l  f l i g h t  path t o  the higher  c i r c u l a r  o r b i t .  

s t a g e  nears the  Spacecraf t ,  i t  is monitored by the  Spacecraf t .  The 

As t he  ascenc'.ing 

ve loc i ty ,  dis tance,  and a t t i t u d e  da ta  are analyzed and co r rec t ive  maneuvers 

a r e  commanded. The rendezvous would be accomplsihed as  schematically shown 

i n  FIG 8 .  A t  the  a p p r q r i a t e  time, after rendezvous is cmple t ed ,  the  

R-1  s t a g e  is s ta r ted ,acce lera t ing  the  Spacecraf t  t o  t he  necessary ve loc i ty  f o r  

accomplishing the  mission. 

s t a g e  is then discarded. , . 

TJhen rhe proper ve loc i ty  is reached t h e  R-1 

The tanking mode vehicles ,  a s  i n  the connecting mode vehicles ,  would 

cons is t  of the S-IC and S - I 1  boost s tages  (PIG 9).  The f i r s t  vehicle  

'.aunched would have a tanker payload containing the  oxidizer  f o r  the  R-1 

s tage  and i s  parked i n  the lower c i r c u l a r  o rb i t .  The second launch would 

then place i n t o  a higher c i r cu la r  o r b i t  the  Spacecraft  plus  the  R-1 s tage 
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w i t h  no oxidizer.  The rendezvous rnaneuvers ;re performed s imi l a r ly  t o  the  

cor.nscting node and then the liquid oxygen is t ransfer red  from the  tanker t o  

the R-1.  A t  t h i s  point  the R - 1  stage and Sp:.cec:aft would proceed a s  i n  

the connecting mode. FIG 10 schenatically displays the tanking mode 

rendezvous. 

The tanker mode appears to of fer  a performance advantage over the 

connecting mode i n  t ha t  most of the o r b i t a l  ::cndezvous equipment, such 

a s  docking s t m c t u r e ,  maneuver equipment, etc., can 'be  ejecced a f t e r  t he  

propel lan t  is t ransferred.  This advantage CilnnOt be f u l l y  req l ized  i n  the  

conn.ecting node. However, remote Li-ansfer 02 cryogenic propel lants ,  

under weightless condi t ions,  presenrs problao:; of considerable cm?lexiLy. 

'It has been shown tha t  each of t he  SATm? C-5 launch vehic les  has 

a comon first and second atage,  S-IC.and S-IT. The design configurat ions 

of t he  APOLLO Spacecraf t  and the  K - 1  s t a g e  w.LX depend on the type 

mission and the  f l i g h t  modes t o  be employed. 

as t o  how the o r b i t a l  rendezvous a i  d i r e c t  ascent  technique could be 

used i n  rhe APOLLO Lunar missions. 

requirements on the  launch vehicle. 

L i f f e ren t  concepts are continuing and the  f i n d  design of t h e  launch 

veh ic l e  w i l l  depend on which concept is chosen. 

s i m i l a r  criteria to  those mentioned i n  the  SIE:uRN C-1 discussion are 

irdposed. 

of s a f e t y  requirements. 

There are many concepts 

Each concept imposes d i f f e r e n t  design 

Studies  and analyses on these  

In  t h e  design s tud ie s  

This is i n  regard to. structural ,  holddam, wind load, and f a c t o r  

Some aspects of t he  var ious launch veh ic l e  

s t ages  discussed will now be described. 

TheS-IC s tage,  i l l u s t r a t e d  i n  FIG 11, w2.1 be approximately 140 

feet long, 33 feet  i n  dizmetez", and powered 1)y f i v e  F-1 engines using 

l i q u i d  oxygen and RP-1 f u e l  as propcllants to deliver a sea level th rus t  of 

7 



7,500,000 lb. 

4,600,000 lb .  

The propel lant  containers  will have a capaci ty  of about 

Zie basic propellerit rontair,2r design w i l l  f ea ture  a cy l ind r i ca l  

G t ruc tu re  chat has sepa ra t e  bulldieads fo:: the propel lan t  containers ,  with 

the  l i q u i d  oxygen tank forward and the  E?-3. tank aft .  The separa te  bilk- 

head w i l l  increase  the stage overa l l  length but is necessary f o r  mnufzc tur ing  

and r e l i a b i l i t y  reasons. Each conta iner  w i l l  have s losh  suppression devices.  

A corrugated o r  honeycomb c y l i n d r i c a l  s e c t i o n  connected with two r i c g  

fraines located at each end will form t h e  t h r u s t  s t r u c t u r e .  The upper r i n g  

frame w i l l  d i s t r i b u t e  hor€zonLal and launcher loads from f o u r  pos ts .  

Ver t i ca l  ' loads introduced by the engines are d i s t r i b u t e d  through the thzus t  

s t r u c t u r e  by the  four  posts .  The launcher holddown loads are d is t r ib-J ted  

t o  the  t h r u s t  s t r u c t u r e  by the launcher 

by the cen te r  engine are car r ied  out  to 
' 

s t r u c t u r e  by a cross  beam system. 

The four  outboard engines are t o  be 

posts. Vertical loads in t rodiced  

the  r ing  frame of the  th rus t  

tiounted on a diameter of 364 icches. 

An aerodynamic l a i r i n g  w i l l  be located over each outer  engine. 

l i q u i d  oxygen suc t ion  l i n e ,  conxecting each engine t o  the l i q u i d  oxygen 

A sep .xa te  

container ,  will i un  through insulated tunnels i n  t h e  f u e l  container .  Two 

f u e l  suc t ion  l i n e s  connect each engine t c ,  t he  f u e l  container .  Both the  

, l i qu id  oxygen and f u e l  l i n e s  will be routed f o r  t he  b e s t  p rope l lan t  

u t i l i z a t i o n  c h a r a c t e r i s t i c s .  

duct ing and the  Loads imposed on the  engine, pressure balanced zero-f luid 

To minimizc the amoung of suc t ion  l i n e  

displacement flex j o i n t s  8re  Gsed. Fuel conta iner  pressur iza t ion  

w i l l  be accomplished with helium. The gaseous helium is s to red  i n  l i q u i d  

n i t rogen  jacketed spheres t o  increase s to rage  quanity . 
i t  is ducted through engine rcounted hea t  exchangers t o  raise its t empxature  

From the  spheres 

8 



before  being introduced i n t o  the f u e l  tank. Gaseous oxygen generated i n  

t h e  engine mounted hea t  exchangers yay be used for pressurizing the  

l i q u i d  oxygen tank. /However t h i s  scheae m y  be replaced by a helium s y s t e a  similar Co 

t h a t  used by the  fuel ta:dcs, i f  weight and rel iabi1i i ;y  advantages are 

r ea l i zed .  Ginbaling is accomplished by doable-acting p i s ton  gimbal 

ac tua to r s  using the  RP-1 fuel, bled frm the  high pressure propel lan t  

feed system, as the  hydraul ic  f lu id .  Engine start sequence is t o  be 

1-2-2 with the cen te r  engine f i r s t .  

t h i s  reduces the dynamic overload of the  s t r u c t u r e  during the  start 

A s  i n  the  case  of the  C-1  first st.q;e,  

t r ans i en t s .  

whi le  the  vehic le  is on the  launcher. 

savings i n  the  s t ruc tu re .  

a n t i c i p a t e d  t o  be 1-4; likewise with the  cen te r  engine f i r s t ,  

A s i m i l a r  cu to f f  sequence is used i f  the  launch is aborted 

This permits s u b s t a n t i a l  weight 

In - f l i gh t  engine cu tof f  sequence is presen t ly  

The S-XI s tage ,  depicted i n  FIG 12, w i l l  be approximately 80 f e e t  

lone, 33 f e e t  i n  diameter, and cqrripped with f i v e  5-2 rocket engines that 

o p e r a t e  on l i q u i d  oxygen snd l iqu id  hydrogen. 

zounted on a diameter of 210 inches, with the f i f t h  engine mounted i n  the c e n t e r  

Four of the  engines w i l l  f e  

of the  t h r u s t  s t r u c t u r e .  The propel lant  conta iners  w i l l  be designed f o r  

a propel lan t  .capacity of about 800,000 Ib. 

Tne bas ic  propel lan t  tank s t r u c t u r e  is 3f a conventional semimonocoque 

des ign  with a common, insu la ted ,  doubled walled bulkhead separa t ing  t h e  

liquid oxygen conta iner  from the  l i q u i d  hydrogen container .  The l i q u i d  
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hydrogen is t o  be located above the  l i qu id  oxygen. The comnon bullhead 

w i l l  be GesigneC t o  s t r u c t u r a l l y  withstand a i iqu id  oxygen container  

pressure drop t o  ambient withoue f a i l u r e .  

The a f t  i n t e r s t age  structure w i l l  trarcimit t he  thrust loads from the 

S-IC s t age  t o  the a f t  s k i r t  s t ruc ture ;  t he  a€t s k i r t  structure will 

t ransmit  the  loads t o  the S-I1 s t a g e  body; and the  forward s k i r t  

s t r u c t u r e  w i l l  i n  tu rn  transmit the th rus t  loads from the S-I1 stage body 

t o  the s t age  above. A conical  thrust s t r u c t u r e  w i l l  t ransmit forces  r'ron 

the  5-2 engine mount frame to the a f t  s k i r c  s t r u c t u r e  during S-11 s t a g e  

powered f l i g h t .  

Slosh suppressions devices w i l l  be provided i n  each propel lant  

conta iner  t o  cont ro l  s loshing motion of the propel lants  during f l i g h t .  

A propel lant  u t i l i z a t i o n  system w i l l  be provided t o  cont ro l  t he  rate of 

ox id ize r  consumption in order t o  maintain lrhe proper fuel-oxidizer  

mixture  r2tios. 

Control of the S-I1 stage w i l l  be achieved by gimbaling the  four  

outboard engines t o  a maximum or'+ - 7 1/2 degrees, including over t rave l  

f o r  snubbing. A i l  f ive engines w i l l  

be a l igned p a r a l l e l  t o  the center l ine  of the vehicle .  

The certer engiile wiil be fixed. 
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The R-1  s tage w i l l  vary, dqending on t'ie lauriching mode used. 

Bas ica l ly  i t  will be s i m i l a r  t o  that: shown i:i FIG 13. The connecting 

mode propel lan t  tank capaci ty  f o r  chs R-1  st.xge w i l l  be about i70,OOO lb. 

The R-1 propel lant  tank f o r  the tanking mode \Jill be l a rge r ,  requi r ing  a 

capac i ty  of  about 230,000 lb .  

design w i l l  be of cy l ind r i ca l  shapc with a diclmeter of 223 Inches. A s  

For e i t h e r  mode the propel lan t  container  

. i n  the S-11 stage,a common, insuiated,  doubled walled bulkhead w i l l  

separate the  propel lan t  containers.  The Liquid hydrogen w i l l  be above 

the l i qu id  oxyge;.,. The R - 1  stage i s  t o  be designed to m e e t  the  require-  ' 

xents  ' for extended stay-time i n  o r b i t  as d i c a t e d  by the p a r t i c u l a r  mode 

of operat ion t h a t  is  y e t  t o  be selected.  Unti l  the  p a r t i c u l a r  mode of 

operat ion i s  establ ished,  the R-1 srage design cannot be fully defined. 

The "APOLLO Spacecraft" re fer red  to i n  t h i s  discussiox i s  considered 

t o  c o n s i s t  of three major coniponents. 

1. 

2. The R - 3  which is  the re turn  s tage,  i.e., t h a t  s tage  which would 

The R-2 which i s  t h e  Lunar braking and landing stage.  

take ozf  from :he Lunar surface. 

3. The APOLLO c o m n d  r x d u l e  which woutcl house the as t ronauts  and 

i s  the  por t ion  t h a t  r e tu rns  t o  the Ear th ' s  surface. 

A quan t i t a t ive  est imate  of :he expected loading condi t ions t h a t  

would be experienced i n  f l i g h t ,  with a 99 pel: cen t  probabi l i ty-of-  

6 .  occurrence wind loading, i s  offered i n  FIG 14. This demonstrates the  loading  

p r o f i l e s  t h a t  may be expected and must be  considered i n  the  design of each 

I stage.  

which represents  the worst case based on i t s  geometry, i.e., length and 

dianeter .  

The vehic le  f o r  t h i s  case is  the  second launch fue l ing  mode vehic le  

11 
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A backup study i s  now Scing n;:idc 0x1 the C-5 APOLLO lsunch vehicle 

to  consider the p o s s i b i l i t y  of  us tng  a nucleZlr rocket enginc stage. 

mission po ten t i a l  of a nuclear s t age  i s  large; however, the usefulness 

of a nuclear rocket  mus t  await the developnent of an engine and stage. 

The purposes of the  NERVA and RIFT programs, now underway, a r e  t o  develop 

s u c h  a system. , A  discussion of how the C-5/Xuclear Vehicle may be con- 

The 

ce ived f o 1 lows. 

The C-S/N~;lear launch vehicle  could be similar t o  the one shown i n  

FIG 15. It would have the same f i r s t  two 'boost s tages  as the  chemical C-5. 

The nuclear  s tage  would be the th i rd  s tage,  replacing the R-1, and would 

have the same diameter as  the S- I  and S - I 1  stages.  

Because-of the  h i g h  o r  s p e c i f i c  impulse of t he  nuclear s tage ,  a 
u 

r 

g r e a t e r  payload performance can be achieved. Therefore, the nuclear  srage 

o t f e r s  the po ten t i a l  of the  SATURi\l C-5 performing the  APOLLO Lunar mission 

without the complication of o r b i t a l  rendezvous. 

Considering a nuclear  powered s tage  with the  capab i l i t y  t o  de l ive r  

~ h c  APOLLO Spacecraft  payload to  t h e  Lunar in-jcction ve loc i ty ,  a typ ica l  

L'unar t r a j e c t o r y  could be a s  shown i n  FIG 16. 

have been f i r e d  and separated,  the 1,uclear stzige engine is  operated t o  

Af te r  the boost s tages  

go i n t o  a parking o rb i t .  Then the engine i s  stopped.' A t  the  proper 

t i m e  (or  launch window) the nuclear  s tage  engine i s  r e s t a r t e d  t o  achieve 

the  necessary veloci ty .  A t  t h i s  point themuclear  s t age  may be discarded 

and the  APOLLO Spacecraf t  would proceed as i n ' t h e  C-5 chemical version. 

, The NOVA launch vehic le  i s  s t i l l  i n  the  conceptual design phase 

a n i  auch work i s  y e t  t o  be done before .a specific descriptioi l  can be given. 

A typ ica l  NOVA launch vehicle ,  shown i n  FIG 17,  may be envisioned as being 

. 



approximately 363 f e e t  long and c c ~ s i s t i n g  of chrec boos t  sixges with the  

paylaad ,  i .e . ,  the  APOLLO Spacecraft, on top of the th i rd  s t s ~ g c .  This 

launch vehic le  would have an i n i t i a l  o r  f i r s t :  s tage th rus t  i n  excess of 

12,000,000 lb.  

The f i r s t  s tage,  N-1 ,  would have a tank diameter approaching 50 f e e t  

and would be over 115 f e e t  long, w i t h  a prope:-lant capaci ty  of over 6,000, 

000 lb.  

1,500,000 l b  th rus t ,  each using l iquid oxygen and RP-1 a s  fuel .  

It would be equipped with e i g h t  o r  more F-1 engines of about 

The second s tage ,  N - 2 ,  would a l s o  be over 115 f e e r  long wirh a diameter 

of about 40 fee t .  

engines. The t o t a l  propel lant  capacity of l i qu id  oxygen and l i q u i d  hydrogen 

would be expected t o  be over 1,800,000 lb. 

The N-2 s tage  m u l d  be equipped with two o r  more M-1 

The t h i r d  s tage,  N - 3 ,  would be about 22 f e e t  i n  diameter, by about 

82 f e e t  i n  length. It would be equipped with one or more 5-2 engines, 

using l i q u i d  oxygen and l i q u i d  hydrogen as propel lan t  w i t h  an expected 

propel lan t  capaci ty  of about 250,000 lb. 

The payload above the t h i r d  stage would be similar t o  the APOLLO 

Spacecraf t  used i n  the SATURN C-5 .  

be s i m i l a r  t o  t h a t  shown i n  FIG 17. 

p lace the  N-3 s tage  with the APOLLO Spacecraft  i n t o  a parking o r b i t .  

N - 3  stage would then be replacing the R - 1  stage. 

quired ve loc i ty  would be s imi la r  t o  the  SATURK C-5 cases  discussed. 

Thc m i s s i c i i  t r a jeccory  of the NOVA inay 

The N - 1  and N-2 scages would f i r s t  

The 

Acceleration t o  the  re- 

I n  t h i s  paper various types of vehicles  t h a t  may be used t o  

accomplish the APOLLO program have been b r i e f l y  reviewed. 

these various vehicles  the  design requirements o r  c r i t e r i a  used must 

5, or ien ted  t o  assure  t h a t  the mission objec t ives  a r e  met. 

of each vehic le  must take i n t o  consideration tiurnan endurance ( a s  

appl icable)  and have s u f f i c i e n t  r e l i a b i l i t y  t o  insure s a f e t y  and a b i l i t y  

t o  accomplish the mission objectives.  

For each of 

The design 

. -  - . -- - - . . 
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7& 
ElS!€BE 1. APOLLO MISSION OBJECTIVES 

S?.TL%X c - i  

1. Research and development testing of the APOLLO spacecraft systems 

2. O r b i t a l  flight test of the APOLLO command module 

3 .  Trainlr,; G f  APOLLO crews 

4 .  Re-entr;- t-sting of the APOLLO command module 

- 5 .  Re1iabi;ity testing of APOLLO spacecraft components in a space 

environment 

SATIT'..! c-5 

i. Further development of the APOLLO spacecraft system 

2. Perform the circumlunar flight of the APOLLO command and service 

modules, and return to Earth of the command module 

3. Perform the manned Lunar landing and return mission, by the orbit 

rendezvous technique 

\ . .  - 

. S~rve as a back-up launch vehicle f o r  the SATURN C-5 

2 .  Ferform the manned Lunar landing and return mission directly, 

Gsing only a single launching 

e 3. Perform manned space explorations sequql to the APOLLO 

. ". 



T*b/c 
FFBt3BLE 2. VEHICLE FACTORS OF SAFETY 

I. General S truc ture 

Yield factor of safety = 1.10-X design load 

Ultimate factor of safety = 1.40 X design load 

2 .  

3 .  

Vehicle Propellanr Tanks 

Proof pressure = 1.05 X limit pressure 

Yield pressure = 1.10 X limit pressure 

Burst pressure = 1.40 X limit pressure 

i 

Hydraulic of Pneumatic Systems 

Flexible hose, tubing, and fittings less than 1.5-inch diameter 

Proof pressure = 1-50 X limit pressure 

Burst pressure = 4.00 X limit pressure 

Flexible hose, tubing, and fittings greater than 1.50 inch diameter 

Proof pressure = 1.50 X limit pressure 

Burst pressure = 2.50 X limit pressure 

A i r  Reservoirs 

Proof pressure = 1.50 X limit pressure 

Burst pressure = 2.5 X limit pressure 
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